Background
Colorectal cancer (CRC) is the fifth most often diagnosed cancer in men and the fourth most often diagnosed cancer in women, and it is the fifth leading cause of cancer-related death in both men and women in China [1] . In the USA, colorectal cancer is the third most commonly diagnosed cancer in both men and women, the second leading cause of cancer-related death in men, and the third leading cause of cancer-related death in women [2] . Colorectal cancer is a heterogeneous disease caused by the interaction of genetic and environmental factors, including hereditary, high-fat diet, alcoholism, tobacco smoke, and stress [3] . The molecular mechanisms underpinning colorectal carcinogenesis remain to be defined. Thus, further study of colorectal cancer could improve understanding of gene expression, molecular events, and novel targets for colorectal cancer therapy.
WD40-encoding RNA antisense to p53 (Wrap53) has been implicated in cancer development and is overexpressed in cancer tissues including colorectal cancer [4, 5] . The Wrap53 gene is localized on chromosome 17p13 and partially overlaps the p53 tumor suppressor gene in a head-to-head direction [6] . Wrap53 is a versatile gene and can be translated into a protein product with at least 17 splicing variants [7] . Wrap53 is also the natural p53 antisense transcript regulating p53 expression via post-transcriptional interaction of Wrap53 with p53 mRNA [7] . Wrap53 protein contains a WD40 domain, an essential component for Cajal body formation and maintenance [8] . Wrap53 protein can facilitate protein-protein and protein-RNA interactions and induces other proteins to form nuclear organelles, Cajal bodies, or to telomeres and DNA doublestrand breaks [6, 8] . Single-nucleotide polymorphisms (SNPs) in Wrap53 have been associated with a risk of developing breast cancer [9] and ovarian cancer [10] . Wrap53 SNP (rs2287499) is localized at Wrap53 exon 1 region and produces the missense mutation R68G, resulting in altered Wrap53 protein function and cancer development [9] . Moreover, Wrap53 overexpression was observed in head and neck cancer tissues [11] and is associated with poor prognosis [12] . Wrap53 overexpression was also observed in immortalized cells and various human cancer cell lines [12] . Together, these observations suggest that Wrap53 could be an oncogene.
In this study, we first assessed Wrap53 expression in colorectal cancer tissue specimens using The Cancer Genome Atlas (TCGA) data and colorectal cancer cell lines. We then assessed the effects of Wrap53 knockdown on inhibition of colorectal cancer cell malignant phenotypes in vitro and in nude mouse xenografts in vivo. We sought to further clarify the role of Wrap53 in colorectal cancer and to validate Wrap53 as a novel therapeutic target for colorectal cancer.
Material and Methods
Extraction of RNA-seq data on Wrap53 from the TCGA database
We first extracted RNA-seq data on Wrap53 from The Cancer Genome Atlas database (TCGA; https://cancergenome.nih. gov/) and identified a total of 521 subjects with 480 cancerous tissues and 41 normal tissues. There were 247 females, 272 males, and 2 missing information about gender. We then analyzed levels of Wrap53 expression in these tissues as log2-counts-per-million (logCPM).
Cell lines and culture
Human colorectal cancer SW480, HT-29, HCT116, and LoVo cell lines were originally obtained from Shanghai Genechem Co., Ltd. (Shanghai, China). SW480, HCT116, and LoVo cells were cultured in Roswell Park Memorial Institute 1640 (RPMI-1640; HyClone, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS; Ausbian, Australia), while HT-29 cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Corning, NY, USA) with 10% FBS (Ausbian, Australia) in a humidified incubator with 5% CO 2 at 37°C. All cell lines were reauthenticated with STR analysis by Shanghai Genechem Co., Ltd. (Shanghai, China) in 2017.
Lentivirus production and infection
To knock down Wrap53 expression, we constructed 3 different shWrap53 lentivirus vectors targeting Wrap53 (GenBank access #NM_001143991) and assembled them with the help of Shanghai Genechem Co., Ltd. (Shanghai, China). After DNA sequence confirmation, they were named shWrap53-A, shWrap53-B, and shWrap53-C. The shScramble lentivirus (shScramble) was used as a negative control. After lentiviruses were produced, the multiplicity of infection (MOI) was calculated. Lentiviruses carrying Wrap53 shRNA were used to infect colorectal cancer cell lines. Cells stably expressing Wrap53 shRNA were selected using puromycin (Clontech, Mountain View, CA, USA).
Quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR)
Total RNAs were isolated from cells using a Trizol regent (Pufei, Shanghai, China) and reverse-transcribed into cDNA using Moloney Murine Leukemia Virus Reverse Transcriptase (M-MLV RT; Promega, Madison, WI, USA) according to the manufacturers' protocols (denaturation and primer annealing: mix primer and RNA, incubate at 70°C for 10 min, then chill on ice; enzyme activation and extension: incubate at 42°C for 1 h; enzyme deactivation: incubate at 70°C for qPCR using the SYBR Master Mixture (TAKARA, Dalian, China) and Wrap53 primers of 5'-TTTGGAGACTCAACCGTTAGC-3' and 5'-CGGTGGCATCAGTTCAGAG-3' or GAPDH primers of 5'-TGACTTCAACAGCGACACCCA-3' and 5'-CACCCTGTTGCTGTA GCCAAA-3' (Initial activation: 1 cycle at 95°C for 30 s; Denaturation and Annealing and Extension: 40 cycles at 95°C for 5 s and 60°C for 30 s; Final Extension: 1 cycle at 95°C for 15 s, 60°C for 30 s, and 95°C for 15 s). qPCR was quantified using the 2 -DDCT method [13] . GAPDH mRNA was used as an internal control.
Simple western blot
Western blot analysis was performed using a capillary-based automated system, called the Simple Western System (http://www. proteinsimple.com/simple_western_overview.html). Total cellular protein was extracted using the Radio Immunoprecipitation Assay buffer (RIPA; Beyotime, Shanghai, China) and quantified using the bicinchoninic acid (BCA) protein assay kit (TAKARA, Dalian, China). Protein samples were then run in a Wes capillary electrophoresis system (ProteinSimple, San Jose, CA, USA) using the standard manufacturer's protocol from ProteinSimple. The quantification of protein was done using Compass software (ProteinSimple) and b-actin protein was used as an internal control. The primary antibodies were anti-Wrap53 (Abcam, Cambridge, UK) and anti-b-actin (Santa Cruz, CA, USA), and the secondary antibodies were anti-Rabbit and anti-Mouse purchased from ProteinSimple.
Tumor cell proliferation and flow cytometry apoptosis and cell cycle assays
To assess tumor cell phenotypes, we first performed tumor cell proliferation MTT assay. In brief, after transfection with Wrap53 shRNA or negative control shRNA, cells were seeded into 6-well plates at 2×10 3 cells per well and cultured up to 5 days. To each culture well, 20 µl MTT reagent (Genview, USA) was added and further cultured for 4 h. Optical density was measured using a Microplate reader (Tecan Infinite, Switzerland) at 490/570 mm. Cell proliferation was calculated.
To assess tumor cell apoptosis, we employed Annexin V-APC staining. Tumor cells were infected with Wrap53 shRNA or negative control shRNA for 5 days, after which 10 μl Annexin V-APC reagent (eBioscience, USA) was added and further incubated for 10 min. Cell apoptosis rate was analyzed using flow cytometry (Millipore, USA).
Cell cycle distribution was assessed using propidium iodide staining and flow cytometry. Specifically, cells were grown and infected with lentiviruses, then detached using trypsin and reseeded into 6-cm dishes and grown for 3 days. Next, the cells were resuspended using trypsin and stained with propidium iodide (Sigma, St. Louis, MO, USA) at 37°C for 30 min in the dark. Cell cycle distribution was then analyzed using a flow cytometer (Millipore, USA).
Transwell invasion assay
Cell invasion capacity was assessed using the Transwell invasion assay. After infection with Wrap53 shRNA or negative control shRNA, cells were trypsinized and reseeded in the upper chamber of Transwell inserts in 24-well plates. The Transwell membrane was precoated with Matrigel (Corning, NY, USA). The bottom wells were filled with DMEM (Corning, NY, USA) supplemented with 10% FBS (Ausbian, Australia). After culture for 48 h, the cells remaining on the surface of the upper well were removed using a cotton swab and the cells that crossed the filter were fixed in 10% formalin and stained with Giemsa (DingGuo, Shanghai, China). The cells were then photographed under an inverted microscope and counted.
A nude mouse tumor cell xenograft model
Four-week-old BALB/c (nu/nu) female nude mice were purchased from Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai, China). Mice were subcutaneously injected with 200 µl of cell solution containing 4×10 6 colorectal cancer cells infected with Wrap53 shRNA or negative control shRNA in the right groin region. Tumor xenograft formation and growth were monitored daily and length and width were recorded twice weekly. On day 21, all mice were killed via cervical dislocation. Tumor xenografts were resected and weighed. All procedures performed in studies involving animals were in accordance with the ethics guidelines of the Institutional Animal Care and Use Committee of Wannan Medical College.
Statistical analysis
Data are expressed as mean ±SD for statistical analysis with the unpaired t test. A two-sided P value <0.05 was considered to indicate statistical significance. All statistical analyses were performed using R software (version 3.3.2).
Results

Wrap53 expression is upregulated in colorectal cancer tissue specimens and cell lines
In this study, we first extracted the RNA-seq data on Wrap53 expression in colorectal tissues from the TCGA database. We identified 480 colorectal cancerous tissues and 41 normal tissues. Wrap53 expression was shown to be expressed at a higher level in colorectal cancer tissues than normal tissues (P<0.001; Figure 1A ). We then used 6131 qRT-PCR to assess Wrap53 expression level in colorectal cancer cell lines and found Wrap53 mRNA to be highly expressed in SW480, HT-29, HCT116, and LoVo cell lines ( Figure 1B ). Wrap53 mRNA level of HCT116 was highest and we then selected the HCT116 cell line for subsequent Wrap53 knockdown experiments.
Knockdown of Wrap53 expression in colorectal cancer cell line using lentivirus carrying Wrap53 shRNA
To knock down Wrap53 expression, we designed 3 different shWrap53 lentivirus products (shWrap53-A, shWrap53-B, and shWrap53-C) and shScramble lentivirus (shScramble) to infect HCT116 cells. Both qRT-PCR and Western blot analysis indicated that shWrap53-B most effectively knocked down Wrap53 expression in colorectal cell line HCT116 (Figure 2A-2C) . Thus, this shWrap53-B was used in subsequent experiments.
Wrap53 knockdown reduced colorectal cancer cell line proliferation in vitro
We then assessed the effects of Wrap53 knockdown on regulation of colorectal cancer phenotype in proliferation assays. The cell growth curve revealed that HCT116 cells infected with shWrap53-B proliferated significantly less than control group cells (P<0.001; Figure 3A ), demonstrating that Wrap53 is required for colorectal cancer cell proliferation. 
Wrap53 knockdown induced colorectal cancer cell line apoptosis in vitro
To assess the mechanism underpinning Wrap53 knockdowninduced reduced proliferation, we assessed Annexin V-APC staining by flow cytometry. The rate of apoptosis was significantly higher in HCT116 cells with shWrap53-B than shScramble (P<0.001; Figure 3B ). This data supports the anti-apoptosis role of Wrap53 in colorectal cancer.
Wrap53 knockdown induced colorectal cancer cell line G1 cell cycle arrest in vitro
To investigate the cell cycle distribution after Wrap53 knockdown, we assessed PI staining by flow cytometry. Knockdown of Wrap53 expression significantly increased the percentage of cells in the G1 phase but reduced the percentage of cells in the S phase (P<0.01; Figure 3C ). Taken together, these results suggest that Wrap53 promotes colorectal cancer cell growth but prevents apoptosis.
Wrap53 knockdown inhibited colorectal cancer cell line invasion in vitro
Tumor cell invasion leads to cancer metastasis and progression. Thus, we examined the invasion ability of HCT116 cells in which Wrap53 was knocked down in a Transwell invasion assay. HCT116 cells infected with shWrap53-B invaded more slowly than negative control cells (P<0.001; Figure 3D ), suggesting that knockdown of Wrap53 expression suppressed tumor cell invasion capacity. 
Wrap53 knockdown suppressed colorectal cancer cell xenograft formation and growth in vivo
To better illustrate the oncogenic potential of Wrap53 in colorectal cancer in vivo, we first established a nude mouse colorectal cancer cell xenograft model ( Figure 4A ). On day 21, mice were killed, and tumor xenografts were resected and weighed ( Figure 4B ). We found that knockdown of Wrap53 expression suppressed colorectal cancer cell xenograft formation and growth in vivo (P<0.001; Figure 4C ). The tumor volume growth curve also showed that the tumor volume of shWrap53-B was approximately 5% that of the control group on day 21 (P<0.01; Figure 4D ). These data show that silencing of Wrap53 expression inhibited tumor growth in vivo.
Discussion
Wrap53 can be transcribed into at least 17 variants via 3 alternative start exons. Exon 1a, 1b, and 1g lead to transcription into Wrap53a, Wrap53b, and Wrap53g transcripts, respectively [7] . Previous studies reported that Wrap53 possesses dual functions as a natural p53 antisense transcript and a protein-encoding transcript [6, 7, 14] . However, only Wrap53a is a natural p53 antisense transcript and overlaps the first exon of p53 in an antisense fashion for up to 227 base pairs [7] . Several lines of evidence indicate that Wrap53a does not encode Wrap53 protein but is merely involved in regulation of p53 rather than Wrap53b, Wrap53g, and Wrap53 protein [6, 7, 14] . Wrap53 protein contains a WD40 domain and is mainly produced from Wrap53b transcript, while WD40 domain proteins function to regulate a large variety of cell processes via protein-protein, protein-peptide, and protein-DNA interactions [15, 16] . The Wrap53 protein can be detected in the cytoplasm and 
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is highly enriched in Cajal bodies and nuclear organelles [6] . Cajal bodies are characterized by the marker protein coilin, which serves as a platform for the assembly of Cajal body components, including the splice variant small nuclear RNPs (snRNPs), small Cajal body-specific RNPs (scaRNPs), and small nucleolar RNPs (snoRNPs) [17] [18] [19] . In the present study, we found that Wrap53 was highly expressed in colorectal cancer tissues and cell lines, which is consistent with the expression pattern found in head and neck cancer cell lines and tissue samples [11] . Moreover, Wrap53 expression was previously reported to be a novel biomarker in early detection of rectal cancer since Wrap53 expression was higher in primary rectal cancer tissues than in normal mucosa, while expression of Wrap53 did not differ significantly between primary and metastasized tumors [5] .
Furthermore, to explore the potential oncogenic role of Wrap53 in colorectal tumorigenesis, we knocked down Wrap53 expression using shWrap53 in HCT116 cells. Wrap53 shRNA significantly reduced Wrap53 mRNA and protein levels, which subsequently impaired HCT116 cell proliferation capacity, which was consistent with previous observations in head and neck cancer Cal-27, ACC2, and HSC-3 cell lines [11] . Moreover, we also found that knockdown of Wrap53 expression induced HCT116 cell apoptosis. Indeed, a previous study have reported that Wrap53-depletion triggered apoptosis of HCT116 and cervical cancer HeLa and osteosarcoma U2OS cell lines, but not in normal cells [12] . This process may result from activation of the mitochondria-induced apoptosis pathway after Wrap53 silencing [12] . This finding indicates that Wrap53 expression promotes cancer cell survival and proliferation.
The growth and survival of many cancer cells is dependent on telomerase activity and its recruitment to the telomere. The latter prevents the chromosomes from undergoing endto-end fusion and degradation [20] . Despite this protective mechanism, the telomere is usually progressively shortened by each DNA replication, and a DNA damage response is triggered when it becomes too short to provoke cell senescence or apoptosis [20, 21] . Such a reaction or activity is the most important mechanism restricting proliferation. However, cancer cells can avoid telomere shortening by expressing telomerase to maintain telomere length, promoting proliferative immortality [22] . Telomerase is a ribonucleoprotein complex, containing a RNA component (TR), telomerase reverse transcriptase (TERT), and the accessory proteins dyskerin, NOP10, and NHP2 [23] . Telomerase is assembled and matures in the Cajal body, and telomerase recruitment to telomere also requires the Cajal body, which is regulated and driven by Wrap53 protein by specifically binding to dyskerin and TR [24, 25] . Dyskerin is a RNA-binding protein and can bind to numerous small nucleolar RNAs during telomerase assembly via its PUA domain [24] .
Therefore, Wrap53 protein is essential for telomerase trafficking. If Wrap53 is mutated, telomerase deficiency and dyskeratosis congenital will occur [25, 26] . Moreover, Wrap53 protein also plays a role in transportation of telomerase in a Cajal bodyindependent manner [27] . In addition, Wrap53 protein is also a subunit of the telomerase holoenzyme and is important for telomere maintenance in human cancer cells [25] . Taken together, knockdown of Wrap53 expression can alter telomerase activity and reduce tumor cell proliferation, but can also induce tumor cell apoptosis. Indeed, the present study confirmed this pattern in colorectal cancer cells in nude mouse xenografts. In cell cycle assay, the percentage of G1 phase HCT116 cells increased and the percentage of S phase HCT116 cells decreased after Wrap53 knockdown. The recruitment of telomerase to telomere occurs in S phase [26] . As mentioned above, Wrap53 is involved in telomerase transport to the telomere. Therefore, Wrap53 depletion inhibits telomerase trafficking, causing G1 cell cycle arrest. In general, apoptosis and cell cycle arrest are the most common inhibitors of cellular proliferation.
Approximately 90% of colorectal cancer-related mortality is caused by tumor distant metastases [28] . Suppression of tumor invasion can effectively inhibit tumor cell spread and infiltration into distant organs. In the present study, we further assessed the effects of Wrap53 knockdown on colorectal cancer cell invasion. The observed inhibition of colorectal cancer cell invasion by Wrap53 knockdown is consistent with a previous study of head and neck cancer [11] , suggesting that Wrap53 is involved in cell mobility, which warrants further investigation. Furthermore, the effects of Wrap53 knockdown in vitro need to be confirmed in vivo. Thus, we performed a tumor cell nude mouse xenograft assay and confirmed our in vitro data, consistent with a previous study of head and neck cancer [11] . We did not record survival of colorectal cancer patients, which could be crucially important to determine the role of Wrap53 in colorectal cancer progression. However, at least 2 studies have reported that Wrap53 expression is associated with poor prognosis of colorectal cancer [4, 5] .
Conclusions
In conclusion, our results show Wrap53 overexpression in colorectal cancer tissues and cell lines. Knockdown of Wrap53 expression reduced tumor cell proliferation and invasion, but induced tumor cell apoptosis and G1 cell cycle arrest in vitro. In a nude mouse tumor cell xenograft assay, we confirmed our in vitro data. Thus, we conclude that Wrap53 is likely a potential oncogene or possesses oncogenic activity in colorectal cancer.
